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Objective: To evaluate the feasibility, safety, and histological response of laparoscopic external aortic wrap implantation in
conjunction with an endovascular stent/stent-graft placement in the infrarenal aorta in a porcine model.
Methods: Seven swine underwent laparoscopic retroperitoneal placement of a custom-made Dacron fabric wrap placed
around the infrarenal aorta to create a landing zone for an endovascularly placed aortic stent/stent-graft.
Results: Technical success was achieved in all animals without any major complications. Follow-up ranged from 1 to 4
weeks. At necropsy, the external wraps were well incorporated into the adventitia, and the stents/stent-grafts were well
incorporated into the intima. Small patches of medial necrosis of the aortic wall were observed in one animal in the stent
model and in two animals in the stent-graft model. There was no transmural necrosis observed.
Conclusions: This adjunct technique, an external wrap around the infrarenal aorta combined with endovascular grafting,
is feasible and deserves further studies into how it may be used to facilitate endovascular repair of aortic aneurysms.
(J Vasc Surg 2005;41:1031-5.)
Clinical Relevance: We hypothesize that our new device could provide capability of altering the proximal neck
morphology of abdominal aortic aneurysm and reinforcement to the aortic wall. This, in turn, could improve eligibility
for endovascular aneurysm repair and prevent or treat type I endoleak and graft migration. Future investigations will
involve evaluation of the long-term effect of the external aortic wrap on the integrity of the aortic wall in an animal model
and testing the clinical usefulness of this new technique.The endovascular approach to abdominal aortic aneu-
rysms (AAAs) is limited by a number of major obstacles
including aneurysmal morphology (including a wide or
short neck), graft migration, and endoleak. To solve these
problems, we developed a new external aortic wrap device
(Aneuwrap). The expected effects on endovascular aneu-
rysm repair (EVAR) are (1) to provide a good proximal
fixation site (enough length and cylindrical configuration)
to counteract against a self-expanding stent-graft, (2) to
allow a site for balloon expansion of an endograft, and (3)
to prevent late growth of the aortic neck, graft migration,
and diminish the incidence of type I endoleak.
The purpose of this experimental study was to evaluate
the feasibility, safety, and histologic response of laparo-
scopic Aneuwrap implantation in conjunction with an en-
dovascular stent/stent-graft placement in the infrarenal
aorta in a porcine model.
METHODS
The study involved seven adult female swine weighing
56 to 84 kg (mean, 67.6 kg). The institutional Animal
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Aneuwrap. A custom made Aneuwrap was developed
with two nylon cable-tie straps (102mm in length, 3 mm in
width, 1 mm in depth; Safe-Ty, Thomas Betts, Memphis,
Tenn) and 20-mm wide Dacron fabric (DuPont, Wilming-
ton, Del) (Fig 1A). The actual fabric was commercially
available wovenDacron with nonfrayed edges. Two sizes of
Aneuwrap were prepared: when the Aneuwraps were placed
into a cylindrical configuration, the minimum diameters of
the cylinders were 9 and 11 mm, respectively. The straps
have notches (13 per 10 mm, approximately 70 on the each
strap) on one surface, which allow the surgeon to fine tune
the Aneuwrap tension around the aorta and lock the Aneu-
wrap in place. The straps are pulled through one of two
buckles on the other end, which locks the Aneuwrap in a
circular configuration around the infrarenal aorta. Two
radio-opaque stainless steel wires mark the proximal and
distal ends of the Aneuwrap under fluoroscopy. The wires
were incorporated into the Aneuwrap when built, between
the fabric layer and each strap. A delivery system was also
developed (Fig 1B). The algorithm for deployment of the
Aneuwrap is as follows: (1) the Aneuwrap is collapsed with
the straps tied in parallel with a silk tie, (2) the Aneuwrap is
fed into a tube from the buckle end, simultaneously pulling
back the plunger and leaving 1 cm of the straps outside the
tube, and (3) the Aneuwrap is then inserted within the
delivery system into the surgical field via a trocar and simply
pushed out into the surgical site by the plunger.
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each pig was placed in left lateral decubitus position with a
rolled towel under the right flank. The table was then
broken to induce lateral flexion. One small (approximately
2 to 3 cm) incision was made in the left lateral abdominal
wall about midway between the left inferior costal margin
and the left superior iliac crest. This incision allowed dis-
section of the abdominal wall and the retroperitoneal space
and insertion of a laparoscopic port. After splitting the
abdominal muscle layers, the peritoneum was exposed and
finger dissected bluntly. A retroperitoneal spacer fabricated
from a 14F Foley catheter and a Latex glove finger was
introduced into the preperitoneal space and inflated with
1000 mL of 300-mm Hg pressurized saline. Additionally,
manual pressure was applied externally to the spacer. A
12-mm trocar (Endopath, Ethicon, Somerville, NJ) was
inserted with a reducer cap (10 to 12 mm, Ethicon), and
one purse-string suture was placed at the incision. Pneu-
moretroperitoneum was induced by insufflation of carbon
dioxide through the port. Two additional 12-mm trocars
were placed in a triangular orientation under a 0- or 30-
degree endoscopic camera. The infrarenal aorta was ex-
posed circumferentially for approximately a 20-mm dis-
tance using blunt dissection and electrocauterized scissors.
The bilateral renal arteries and the lumbar arteries were
identified and preserved (Fig 2A). The aortic diameter was
estimated by comparison with known-sized instruments (a
Fig 1. An external aortic wrap (Aneuwrap). A, The A
length, 3 mm in width, and 1 mm in depth) and Dacron
The strap has a tooth and pawl design and a buckle (op
stainless steel radio-opaque wire at each edge of the Da
slightly seen in between them (arrowheads). B, The Aneu
system, which is a plastic cylinder (10 mm in outer diame
One centimeter of straps (arrowhead) tied in parallel with
is placed behind the Aneuwrap.curved grasper [10 mm in diameter], a right-angle grasper[10 mm in diameter], and an endoshears [5 mm in diame-
ter]) and a 9- or a 11-mm sized Aneuwrap was selected. No
bowel retractor was used.
The Aneuwrap was inserted and applied circumferen-
tially around the exterior surface of the dissected aorta: (1)
Aneuwrap straps were pushed out posterior to the aorta
(Fig 2B); (2) a right-angle grasper was used to pick up and
guide the straps (Fig 2C); (3) the Aneuwrap was completely
pushed out of the delivery system, then self-expanded from
its collapsed form, and was placed around the aorta (Fig
2D); (4) after cutting a suture tying the two straps, each of
the two straps was fed into their respective buckles (Fig
2E); (4) both straps were pulled tight and were locked to
prevent Aneuwrap movement on the aorta while there was
no aortic constriction; (5) the excess strapping was cut
using endoshears (Fig 2F).
Endovascular procedure. One week after the Aneu-
wrap implantation, the endovascular procedure was per-
formed. After induction of general anesthesia, the swine
was placed in a supine position. One stab incision was made
in the right groin and a 5F introducer sheath was placed
percutaneously into the common femoral artery. Heparin
(100 IU/kg) was administered. An aortogram with a pig-
tail catheter (PIG, Cordis, Miami, Fla) showed two radio-
opaque wire bands just below the renal arteries, which
demarcated the proximal and distal ends of the Aneuwrap
(Fig 3A). Stents (one 12 mm  4 cm Wallstent, two 308
rap is made of two nylon cable-tie straps (102 mm in
(38 or 44 mm in circumaortic length, 20 mm in width).
row) for maximum engagement and fine adjustment. A
fabric is placed between the fabric and the strap and is
is positioned in a collapsed form (arrow) in the delivery
5 cm in length) that could be inserted through a trocar.






a silkPalmaz stents) were inserted into the infrarenal aorta in
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mm  5 cm, Viabahn, W.L. Gore, Flagstaff, AZ) were
placed in four pigs. The stent-graft was percutaneously
inserted into the aorta with 10F or 12F introducer sheaths
and then deployed under fluoroscopic guidance to be
aligned with the proximal wire of the Aneuwrap. A 12- or
10 mm  4 cm balloon (Powereflex P3, Cordis, The
Netherlands) was inserted and stents/stent-grafts were di-
lated three times up to 8 atm of pressure with an inflation
device. Completion angiogram was obtained to evaluate
radiographic results (Fig 3B).
Follow-up and harvest surgery. The pigs were fol-
lowed for 1 to 3 weeks in the stent model and for 4 weeks
in the stent-graft model after the endovascular procedure.
Under general anesthesia, an approximately 8-cm section
of the abdominal aorta, the Aneuwrap, and the stent/stent-
graft were harvested en block. Then, the animals were
euthanized.
The excised specimens were fixed in 10% buffered
formalin. The lumen was opened longitudinally along the
anterior wall of the aorta, including the stent/stent-graft,
and the Aneuwrap. Due to the dense fibrosis involving the
Aneuwrap, separation required sharp dissection. The
stents/stent-grafts were removed carefully by forceps be-
fore sectioning. Transverse sections of the aortic wall were
obtained from the luminal surface, including the areas deep
to the straps and between the straps. After embedding in
paraffin blocks, permanent sections prepared and stained
with hematoxylin and eosin for microscopic examination.
RESULTS
Technical success was achieved in all seven animals with
one retroperitoneal seroma and one wound infection as
complications after procedures. Constriction at the
wrapped segment of the aorta was not observed during
surgery. One animal was prematurely sacrificed due to
cerebral edema secondary to anesthesia. Laparoscopic op-
erative time was 162  47 minutes, and stent placement
time averaged 43 15 minutes. Blood loss was minimal in
all animals.
Gross examination of the samples revealed the Aneu-
wrap was partially adherent to the adventitia by 3 weeks and
by 5 weeks appeared to be totally incorporated into the
adventitia, as evidenced by extensive fibrosis that required
sharp dissection to separate the Aneuwrap from the speci-
men (Fig 4A). The stents and stent-grafts were well incor-
porated into the intima (Fig 4B). No specimen showed
macroscopic necrosis. The aortic diameter was unchanged
at the wrapped section in all animals at the time of sacrifice.
Histologic examination of the aorta taken beneath the
Aneuwrap revealed a structurally intact aortic wall. An
expected foreign body reaction including chronic inflam-
mation was seen where graft material was present. In one
specimen from a pig aorta with a stent (33% [1/3]), a
band-like area of nonviable fibroblasts and smooth muscle
cells with indistinct cytoplasm, cytoplasmic membranes and
nonstaining nuclei consistent with necrosis was present
localized to the junction of the media and adventitia. Intwo other aortic specimens with stent-grafts (50% [2/4]),
bandlike areas of tissue showing necrosis with calcification
were present involving the media and adventitia, which was
found beneath the middle of the Dacron material (Fig 4C).
The calcification was thought to be dystrophic calcification
associated with necrosis. In these areas, the necrotic portion
was rather sharply demarcated from the surrounding viable
tissue. Although the necrosis was bandlike and even cir-
cumferential, the structural integrity of the aortic wall
appeared intact, and there was no transmural necrosis. In all
other specimens, focal calcification was present without
necrosis (Fig 4D).
DISCUSSION
There are a number of the limitations with the endo-
vascular devices for treatment of AAA including inappro-
priate aortic neck morphology, proximal type 1 endoleak,
and graft migration. Previous reports have indicated that
Fig 2. Laparoscopic view of Aneuwrap placement surgery with
retroperitoneal approach. A, Approximately 2-cm of the infrarenal
aorta was dissected circumferentially. The bilateral renal arteries
(arrow) and the lumbar arteries (arrowheads) were identified and
preserved. (The right renal artery is not seen in the figure.) B, The
Aneuwrap was inserted within a delivery system (star) via a trocar.
The straps (arrow) were then pushed out posterior to the aorta.C,
A right-angle grasper (arrow) picked up and guided the straps
(arrowheads) on the posterior surface of the aorta. D, The Aneu-
wrap (arrows) was completely pushed out of the delivery system,
self-expanded from its collapsed form, and was placed around the
aorta. E, Each of the two straps (arrow) was fed into their respec-
tive buckles (arrowhead). F, Both straps were pulled tight, and
each strap was fine tuned and locked. The excess strapping was cut
at the buckles (arrows) using endoshears.the most common reason (52% to 66%) for ineligibility for
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demarcating the proximal and distal ends of the Aneuwrap just below the renal arteries. B, Aortogram after stent-graft
placement. Note that there is no increase in the aortic diameter at the wrapped segment, (arrow) in contrast to slight
increase of the aortic diameter below the Aneuwrap (arrowheads) in response to balloon angioplasty.Fig 4. A specimen of the aorta 5 weeks after the Aneuwrap implantation and 4 weeks after the stent-graft placement.
A, Gross examination shows the Aneuwrap (arrows) is totally incorporated into the adventitia with quite extensive
fibrosis around it. The stent-graft inside is expanding against the aortic wall distal to the Aneuwrap. B, The stent-graft
is well incorporated into the intima. The Aneuwrap (arrows) is covered with fibrous tissue. C,Histologic examination
of sections taken from beneath the Aneuwrap reveals band-like necrosis in the media and the adventitia, as evidenced
by the lack of nuclear staining in the middle and left portion. The intima is viable with dark staining nuclei present
(intima present at lower right portion) (hematoxylin-eosin, original magnification 200.) D, Sections taken from
directly beneath the Aneuwrap show the intima, media, and adventitia layers with focal calcification (arrow) and no
signs of necrosis (lumen at lower left) (hematoxylin-eosin, original magnification 100.)
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probability of aortic neck dilatation is 59% at 48 months
after EVAR.4 A variety of strategies have been used to avoid
one or more of these limitations or complications, includ-
ing hooks on the endografts, oversizing or self-expanding
stent-grafts, suprarenal attachment with uncovered stent,
and further expansion of the endograft with balloon dilata-
tion and/or using additional stents/stent-grafts. Biologic
fixation of stent-graft has been investigated to enhance
anchorage of the aortic wall in a porcine model.5,6 None of
these strategies have shown complete success.7 All these
strategies, which are approached from the “inside” of the
aorta, do not provide enough mechanical strength to pre-
vent enlargement of the aortic wall or to correct aortic neck
morphology itself. To overcome these problems, an ad-
junct approach, reinforcing the “outside,” is another po-
tential option. A laparoscopically placed external polytetra-
fluoroethylene band around the infrarenal aorta has been
shown in a previous report to counteract dilatation of the
aorta and thereby contribute to a firm fixation of an endolu-
minal stentgraft.8 The Aneuwrap can provide or create a
strong proximal fixation site (enough length [20 mm] and
cylindrical configuration) for an endograft, which is recom-
mended for infrarenal EVAR.9
We elected to implant our new device using only lapa-
roscopic techniques without open surgery, taking advan-
tage of previous experiences with laparoscopic aortic sur-
gery in a porcine model10and in humans.11 Extended
exposure of the aorta was not mandatory for this technique.
A retroperitoneal approach with carbon dioxide insufflation
provided a sufficient surgical field without any retractor. A
unique configuration of the strap allowed for easy pull-
through behind the aorta and into the buckle even under
laparoscopy. The absence of the need for suture or an
anastomosis was advantageous. It rendered this technique
easily reproducible because blood loss was minimal during
the surgery, systemic heparinization was not required (be-
cause no aortic clamps were used), and we avoided a risk of
unexpected hemorrhage after surgery.
One of shortcomings of the current study is having
used small numbers of both stents and stent-grafts. Thus, it
would be difficult to distinguish one outcome from an-
other. Some technical refinements may be necessary for
human application of the Aneuwrap due to the difference
between the normal porcine aorta and the diseased human
aorta. In addition, we should mention an admonition re-garding the necrosis of the aortic wall. Although unlikely,
there may be more necrosis with longer exposure of the
aortic wall to the graft and the Aneuwrap. Moreover, early
necrosis may lead to late weakening of the wall. Thus, it will
be necessary to evaluate the long-term effect of the Aneu-
wrap on the integrity of the aortic wall.
In conclusion, a laparoscopic approach to AAA with an
external wrap is feasible in a porcine model and could be a
new adjunct technique to EVAR.
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